Objectives: Another one million community healthcare workers are needed to address the growing global population and increasing demand of health care services. This paper describes a cost comparison between two training approaches to better understand costs implications of training community health workers (CHWs) in Sub-Saharan Africa.
Introduction
Worldwide projections indicate that to meet the current global health care demand we need to train another 4.3 million health care workers -doctors, nurses, midwives and other health care professionals [1] . The health care worker shortage is disproportionately affecting Africa where 25% of the global burden of the disease resides with only 3% of the global health workforce to confront it [1, 2] . The shortage for community health care workers (CHW) in sub-Saharan Africa alone is approximately one million [3] . CHWs provide vital life-saving services to communities that do not have regular access to health services. As a result, human resources for health is one of the most pressing global health challenges for the development community today [1] .
Response from donors and government agencies has been to increase programs, advocacy, and funding for training of health professionals including CHWs. There is a demand for low-cost, effective training mechanisms to increase the number of CHWs and improve the efficiency of existing health care workers.
Concurrent with the growing need for health care workers there has been an increase in mobile technology, user uptake, and supporting infrastructure. In sub-Saharan Africa the annual growth rate for mobile technology is 19% where networks coverage and user subscriptions are increasing [4] . To benefit from the growing uptake and infrastructure in mobile technology, development agencies, National Ministries, private sector and NGOs are using mobile health (mHealth) tools for successful and cost effective support of health data collection, surveillance, counseling, decision support, and supply chain management [5] . The surge in mobile technology uptake and use offers many opportunities including improved training of community health workers.
In an effort to explore the benefits of integrating mHealth technologies to help train the CHWs needed in Sub-Sahara Africa, the Dalberg Global Development Advisors published Preparing the Next Generation of Community Health Workers: The Power of Technology for Training in May 2012 [4] . The paper commissioned by the iHeed Institute, Barr Foundation, mHealth Alliance, and MDG Alliance, gathered input from a wide assortment of notable NGOs (e.g. WorldVision, UNICEF, Save the Children, Partners in Health, AMREF, Jhpiego, IntraHealth), Technology Companies (Intel, HP, Vodafone, DiMagi, Grameen, Millennium Villages, BRAC), Academia (Johns Hopkins, Open University), the Ministries of Health for Nigeria and Kenya, and the World Health Organization [4] .
The Dalberg Report specifically set out to determine if technology can be "harnessed in transformative ways to address critical gaps in community health worker training in sub-Saharan Africa". [4] The report explored the concept using a blended eLearning approach for training health care workers, which in addition to classroom time, includes learning from content on mobile applications. The blended eLearning approach mixes live training with multimedia applications as an effective pedagogical way to foster interaction, repetitive learning, supervision and monitoring. The current model for training health care workers is a didactic classroom setting for training alone [4] .
When compared to the current CHW training model, the Dalberg Report showed that the blended eLearning strategy is a promising, innovative and efficient approach to training CHWs. In addition to reducing costs for training, the blended eLearning approach could improve standardization of training materials and increase retention to course materials because of on-demand access to revisit course materials. A blended eLearning approach also includes multimedia materials, visuals and audio important for individuals with different learning styles or to assist learning for students with limited literacy and education background. Further, one study [6] indicates that rich multimedia content contributes to faster and better training but it is only being used in about 10% of training environments. Ninety percent of CHW trainings are using paper based content like flipcharts, handouts and textbooks.
The Dahlberg report concluded that a blended approach to learning was a valuable tool for costeffective and sustainable training. Up to eighty percent of the training content could be standardized and shared with the blended approach, and digital content is easier to transfer and localize. This is particularly relevant for the developing community where a blended eLearning approach can be used to scale up much needed training initiatives to meet health care demands and fill the community health worker gap.
Budgets for development programs are limited and cost is a critical consideration for implementation and ongoing use of a capability solution. Sustainability is determined by availability of skills to manage and support a solution and by the flexibility of a solution to adapt to evolving requirements. Using the results of the Dahlberg Report, our team set out to explore the question:
What is the cost for a blended eLearning approach as suggested by the Dahlberg Report and how does this differ from traditional didactic training costs?
To address this question our team created a costing model to forecast and compare the costs of two training methods (1) traditional didactic training and (2) blended eLearning approach. We will also explore how well these solutions scale to large populations, while being flexible enough to support differing requirements.
Literature Review
In order to gather information to support the analysis and research, we began with a literature review on PubMed in April 2014. Selected publications focused on research regarding cost of blended eLearning for community health care workers. Keywords used in the search included: model, forecasting, costs, comparative cost, mHealth, training, health care worker(s), global health, developing countries, and eLearning, technology. Initial search results returned over 200 articles, however most were excluded because not all studies were conducted in a global setting and were therefore not relevant to a low-income setting. Themes that emerged from the literature search are: 1) a new focus and growing interest in using eHealth and mHealth to strengthen learning for medical professionals both in domestic and international setting [7] [8] [9] [10] ; 2) lack of formal outcome evaluations of these technologies in developing countries and conclusive evidence evaluating programs [6] [7] [8] [9] 11] ; and 3) lack of evidence regarding the cost of these eHealth and CHW training programs [9, 12, 13] . 
Methods

Costing Model
Using the results of the Dahlberg Report, our team set out to explore the question: What is the cost for a blended eLearning approach as suggested by the Dahlberg Report and how does this differ from traditional didactic training costs? To address this question our team created a costing model to forecast and compare the costs of two training methods (1) traditional didactic training and (2) training with a blended eLearning approach.
The cost model created is a prospective model, based on expected future in-country costs. It is not a model of current existing training programs in-country, however the inputs used to populate the model are based on real cost data from the literature [12] , cost data from Intel Corporation and expert opinion from technical staff working with Futures Group in Nigeria. The model was built in Microsoft Excel 2010. All costs are listed in US Dollars.
The team used input data gathered from Nigeria to investigate the cost for the training of community health workers. Nigeria was selected because of the population size, importance within the region, and because Futures Group has a local presence which allowed for better access to reliable cost data during our data collection period in February 2014.
Our costing model compares two scenarios. The first is the baseline training which includes the input costs required to conduct a traditional didactic community health care worker training (baseline training). The second scenario includes the input costs of a blended eLearning training consisting of a reduced in-class training component, supplemented with out of the classroom eLearning activities (blended eLearning training). In addition to comparing eLearning training costs, we include and compare costs for technology and connectivity to support the ongoing data collection needs of the CHW. After running the model for training 100,000 CHWs across five years in each scenario we compared the results.
Model Inputs
The inputs applied to the model came from the literature [4, 12] , local Futures Group technical staff and Intel Corporation. The baseline training consisted of in-classroom training for 12 weeks in year one [4, 12] . The blended eLearning training consisted of reduced in-classroom training to 6 weeks combined with external eLearning on a mobile device with interactive multimedia such as video, audio and visuals [4] . Cost associated the facility, classroom supplies, instructor travel, instructor per diem, instructor lodging, CHW per diem incentive, and CHW salaries were based on by expert opinion by Futures Group technical team. We estimated CHW annual salaries to be $960 per year.
Futures Group technical staff also provided local Nigeria cost data for smart phones (Table 1) , voice/ data connectivity and solar charging packs (Table 2) . Costs included in the model for Year 1 includes device, connectivity and solar charger costs for each CHW. Years 2-5 includes inflated voice and data connectivity costs. We found that the average smart phone cost in Nigeria is $150 and the average data cost is $40 per month. A variety of devices and data connectivity options were reviewed to determine the best balance of technology costs and functionality to meet the needs of CHWs. In addition to overall cost of the training programs, consideration was given to device, connectivity, device charging requirements and device functionality to meet the ongoing data collection needs of CHWs.
Finally, we considered the use of a combination of a feature phone and a tablet computer rather than a smart phone for the blended eLearning training and ongoing data collection needs of CHWs. Based on the opinion of in-country staff, our model included the assumption that CHW would already own a feature phone therefore feature phone costs were not calculated in the model. Intel Corporation provided cost data for tablet devices. Tablets would have occasional connectivity, which offers CHWs participating in the blended eLearning training the ability to download and upload training materials and content from a "hot spot" or Wi-Fi enabled area and store them for offline use.
Other inputs into the model included inflation rates and attrition rates. Inflation rates incorporated into the model are 10.5% based on average escalation in Nigeria from January 2011-March 2014 [14] . Attrition rates of 5% were also included in the model and based on published literature [12] .
Model Assumptions
It is important to note the following assumptions that were made in the construction of the model.
• There would be one classroom for every 50 CHWs
• There would be one instructor for every 50 CHWs • Each CHW would own a feature phone, therefore cost for purchasing a feature phone were not included in the model
• Each CHW would participate in a 20 hour refresher course which would take place in a classroom setting
Results
Based on our model, a substantial difference exists in total costs between the baseline and blended eLearning training programs. Results indicate that using a blended eLearning approach for training community health care workers in Nigeria will provide cost savings of 19.6 Million USD or a reduction of costs by 42% in classroom costs alone. Table 3 provides details on the cost for the baseline training or traditional didactic training approach which would requires 12 weeks (3 months) of in classroom training. Total classroom cost is $47,094,000 across five years for training a total of 100,000 CHW. Note that units are 120,000 because of the 5% attrition rate that is applied to the model. Table 4 provides details on the blended eLearning training, which supplements classroom time with out of the classroom mobile training applications that are rich with multimedia content. The in-classroom work is reduced to 6 weeks (1.5 months). The total classroom cost for this program is $27,540,000 across five years for training a total of 100,000 CHW. An attrition rate of 5% is included.
Baseline Training Classroom Costs
Blended eLearning Training Classroom Costs
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Classroom Cost Comparison
One cost driver in this model are the costs associated with in-classroom training. Comparing the two scenarios for training community health workers, the baseline training method is more costly than the blended eLearning approach. Switching over to a blended eLearning training program would reduce the costs for training 100,000 CHW in Nigeria by 42%. These cost savings are a result of decreased classroom time, thereby reducing the costs associated with travel, trainers and supplies.
Device Cost Comparison
A variety of devices and data connectivity options were reviewed to determine the best value and balance of technology costs and functionality to meet the needs of the programs.
Costs of device, connectivity, device charging requirements and device functionality were considered. Devices and connectivity mechanisms generally fell into one of two groups -(1) costs associated with using smart phones and (2) costs associated with using a combination of feature phone and tablet with WiFi. Table 5 provides a comparison of these two groups. With cost the only consideration, it is clear that selecting a tablet with WiFi and feature phone would be the least expensive option. By selecting to use either a tablet and feature phone in a mHealth intervention, the program would eliminate the need for a monthly data package associated with a smartphone therefore reducing technology costs. Recognition is made that cost savings is based on occasional free Wi-Fi accessibility which may not be available in all locations. The feature phone provides instant communications though SMS and voice without the additional costs associated with a monthly data plan as would be required by the Smartphone. In addition, the tablet offers additional functionalities not found in the Smartphone like access to a USB drive for medical devices, file sharing, an office suite, multimedia training, medical journals, decision making support, lab and pharmacy information, full electronic medical record system (EMR) among others. The limitation of the tablet is that the CHW would need to have regular access to WiFi for communication of training assessments, patient status and population health data. Refresher training can be accessed through flash drives and direct downloads. 
Training Costs for One Hundred Thousand CHW
By running the model including the classroom training costs with the feature phone and tablet we see that, a savings of 67% ($314.5 Million) can be achieved in comparison to the baseline training program (Table 7) . 
Scaling up Training Costs to One Million Community Health Workers
When our model is scaled up to training one million community health workers and includes additional costs associated with CHW salaries, management and overhead expenses, the blended eLearning training approach that uses Wi-Fi tablets is still cost saving by 25% or $3.62 Billion USD (Table 8) . 
Discussion
For an eLearning solution to be sustainable and scalable it must be low cost and flexible. It must be able to function with minimal or occasional connectivity. It must also enable measurements of its effectiveness to facilitate evidence for program evaluation and to further inform best practices. The program must also meet the requirements of local supportability and have the ability to adapt general content into local languages. As recommended in the Dalberg Report, mHealth content developers and eLearning content should disaggregate content from underlying technologies to improve the spread of content easily. In addition, the global health community should support investments in platforms that facilitate sharing content [4] .
Ideally a technology solution would provide both training and job capabilities. Examples of this are data collection and reporting, communications, medical diagnostics decision support, medical record keeping.
Limitations
There are many differences between low resources countries and regions where infrastructure, culture, costs, literacy, and security of health data can vary. Due to this variation, there are several limitations and the result of this study may not universally apply to other regions or programs.
• First, there are infrastructure differences between countries adding complexity to generalize mHealth and eLearning approaches. Some countries do not have broadband infrastructure or internet access necessary to support the blended eLearning approach. The Dalberg Report pointed out that only 9.6% of Africans use the internet and 40% of the Sub-Saharan African population is still not covered by cellular networks [4] .
• Costs inputs will also vary depending upon the setting. Cost data used in this analysis was from Nigeria and results will likely differ in a different setting. Because of this, the savings as reported in this analysis may vary when applied to another country.
• The assumption of occasional free WiFi connectivity may not be appropriate in all settings. While the blended eLearning approach does not assume constant or even regular access to WiFi; even occasional access to WiFi may not be realistic in certain settings.
• Cultural differences should be considered. In some countries gender differences may play an important role in access to technology. In some regions women do not have access to mobile devices limiting the success of a blended eLearning approach to training female CHWs. Literacy levels may also vary from country to country and can challenge some aspects of an eLearning program. In addition, user experience level may make a blended eLearning approach less effective for training CHWs.
• Standardization of digital learning modules can reduce costs and provide a baseline for quality assurance. The need for efficient training to meet the goals of training one million CHW's will require a coordinated approach that reduces the need for duplicate content development.
Conclusion
The results of this cost analysis indicate significant savings through using a blended eLearning approach in comparison to a traditional didactic training for the additional one million health care workers needed in sub-Saharan Africa.
Results indicate that training cost can be reduced by 42% when compared to a baseline traditional didactic approach. The cost savings are due to reductions in in-class room training time, cost associated with instructor travel, and device selection. These results correspond to the Dalberg publication which indicates that using a blended eLearning approach is an opportunity for closing the gap in training community health care workers.
Further analysis indicates that additional cost savings can be met by using a tablet with Wi-Fi rather than a smartphone with a data plan. When the tablet and feature phone combination was used a savings of 67% was achieved compared to the baseline approach using a smartphone with monthly data plan.
Using Nigeria as an example, this paper reports on a cost comparison between the traditional didactic approach (baseline) and the blended eLearning approach. There are however several limitations that arise when pinpointing and assigning cost data and country context. These include differences between countries with infrastructure, culture, costs, and literacy. Therefore, there are many factors to consider when determining the best method for training a health care workforce in a low resource country.
In the right setting, the impact of a blended eLearning approach for community health care workers is substantial. In addition to the potential for cost savings, there is promise for greater impact and retention because eLearning trainings can be shared and reviewed on-demand as refresher material. Course work in an eLearning format can also increase flexibility with scheduling and coordination [9] . The blended eLearning approach also increases standardization
